Apart from thiazole, benzimidazole, and tetrazole family, some of the piperazine analogs also show significant pharmacophoric activities. The synthesis of piperazine through intermediate 3 occurred via coupling of substituted benzenethiol with chloro-nitrobenzene. The nitro group of the isolated intermediate was reduced via an iron-acetic acid system. The aniline intermediate was cyclized with bis(2-chloroethyl)amine hydrochloride to obtain piperazine moiety. The synthesized substituted piperazine derivatives were screened for antibacterial and antifungal activities. The antibacterial activity was tested against Staphylococcus aureus, Streptomyces epidermidis, Pseudomonas aeruginosa and Escherichia coli, and antifungal activity was tested against Candida albicans, Aspergillus niger, Aspergillus flavus and Aspergillus fumigatus. As a result, many of the synthesized compounds showed significant antimicrobial and antifungal properties.
Introduction
Antibiotics are a class of drug that covers a wide range of pathogenic infections. Without causing any harm to the human organs or tissues, antibiotics interfere with the natural life cycle of bacteria, thus creating evolutionary pressure on them. Recently, many antibiotics-related researches have been conducted aiming at curing bacterial infections in humans. Antibiotics are now commonly used for medicinal purpose and during pre-and post-operation conditions. In critical operations involving use of oncology-based drugs, to prevent any infections, prompt antibiotic therapy is instituted.
1
Penicillin was the first antibiotic to be discovered in 1928, followed by clinically efficient sulfonamide. After regular use of penicillin, the microbes developed resistance towards the antibiotic. Breeding of a host of penicillin-fast organisms was reported, which were transferred to other individuals leading to pneumonic conditions, because of which penicillin became ineffective.
2 Periodic supervision of these drugs has been conducted to prevent transmission of infections; however, these parameters have often been considered as a reactionary tool rather than a piece of any strategic planning and vision. 3 Hence, there is a need for a wide scope of research in finding new antibiotic molecules to overcome the bacterial infections. As the bacterium changes its nature regularly from one phase to another, studies with updated possible solutions are needed.
To address the absence of development in the field of new anti-toxins, initially the purposes behind the hindered improvement should be comprehended. Although antibacterial and antifungal illnesses exist for long time, their clinical analysis is still difficult. Since previous two decades, various classes of antibacterial 4-10 and antifungal agents 11-17 have been found. Cotrimoxazole, Trimethoprim, sulfasalazine are few manufactured and semi-engineered antibacterial sulfa drugs. Penicillin drugs, such as Amoxicillin, Ampicillin, Penicillin G, and Cephalosporins have also been used for their bactericidal effects. Cephalosporins are known to eliminate microbes and work comparatively to penicillin. Antifungal drugs, such as Clotrimazole, Fluconazole and Amphotericin B, have been used to treat fungal infections. The most successive contagious pathogens are Candida, Histoplasma, Stachybotrys, Aspergillus, Pneumocystis and Cryptococcus, causing more than 1 million deaths globally every year. To restrict death rate, fast diagnosis and rapid execution of proper therapeutics need to be followed. 18 Due to nosocomial bloodstream infections, many deaths are reported. Majority of cases (2/3) are due to gram positive organisms and remaining due to gram negative organisms and fungi.
19
The most common microbial infections in the hematopoietic stem cell transplant (HSCT) recipients are is caused by Aspergillus. 20 Currently, almost half of the patients suffer from invasive aspergillosisdie, and the mortality rate for candidemia also remains high at approximately 50%. 21 Four classes of antifungal drugs, i.e. triazoles, polyenes, pyrimidine analogs and echinocandins, are available to treat fungal infections. 22 Increasing incidence of vancomycin-resistant Enterococcus faecalis and methicillin-resistant Staphylococcus aureus have been marked as a serious menace. However, limitation to infusion-related reactions and nephrotoxicity has been exhibited by amphotericin B, an antifungal drug used to treat serious fungal illnesses.
23, 24
Piperazines and substituted piperazines constitute an important class of pharmacophores. One of the well-known piperazine category is indinavir (trade name: Crixivan), which functions as an HIV protease inhibitor. Piperazinyl cross-linked ciprofloxacin dimers, when used against resistant bacteria strain, exhibited low antibacterial activity. 25 When piperazine derivatives were linked to benzimidazole and benzotriazole molecules, they showed antifungal activity. Similarly, piperazine derivatives, containing tetrazole nucleus, have been reported as antifungal agents. 26 The details of the scaffold synthesis included coupling reaction, which was followed by reduction of nitro group and then cyclization.
27-28
In the present study, synthesis of a series of N-alkyl piperazine derivatives as a new class of synthetic antimicrobial and antifungal agents is disclosed.
Experimental
Analytical thin-layer chromatography (TLC) was performed on Merck 60 F254 silica gel plate (0.25 mm thickness) and visualized under UV light, and/or by spraying with 5% solution of phosphomolybdic acid (PMA) in ethanol, followed by charring with a heat gun. Following this, column chromatography was performed on Merck 60 silica gel (230-400 mesh).
1 H-NMR was recorded on Varian NMR 500 instrument at 500 MHz. Chemical shifts were reported in parts per million (ppm) relative to tetramethylsilane (TMS), which was used as internal and external standards for 1 H-NMR. Mass spectra were recorded on Shimadzu 2010s mass spectrometer. 
2-((2,4-Dimethylphenyl)thio)aniline (2):
To a mixture of (2,4-dimethylphenyl)(2-nitrophenyl)-sulfane (1) (10.0 g, 38.6 mmol) and AcOH (100 mL), Fe (8.61 g, 154.4 mmol) was added, and the resulting reaction mixture was stirred at 30 °C for 16 h. The reaction mixture was then filtered through a bed of Celite, and the filtrate was concentrated. To the residue, 300 mL saturated NaHCO 3 and 100 mL EtOAc were added. Organic layer was separated, water layer was re-extracted with EtOAc (100 mL), the combined organic layers were dried over Na 2 SO 4 
Procedure for Synthesis of 4a-4p

2-(2-(4-(2-(2,4-Dimethylphenylthio)phenyl)piperazin-1-yl)ethoxy)ethanol (HS-4a):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.5 g, 1.67 mmol) in DMF (5 mL) was added di-isopropyl ethyl amine (0.6 mL, 3.35 mmol) and 2-(2-chloroethoxy)ethanol (0.31 g, 2.51 mmol), which was followed by addition of potassium iodide (0.069 g, 0.41 mmol). The contents were stirred at 100 °C for 16 h. It was cooled to room temperature, water was added and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography to afford HS-4a, 0. 
1-(4-(2-(2,4-Dimethylphenylthio)phenyl)piperazin-1-yl)-2-methylpropan-2-ol (HS-4b):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.5 g, 1.67 mmol) in ethanol (10 mL) was added triethyl amine (0.7 mL, 5.01 mmol), which was followed by addition of 2,2-dimethyloxirane (0.31 g, 4.36 mmol) in a sealed tube. The contents were stirred at 90 °C for 6 h. The mixture was cooled to room temperature, the solvent was evaporated, water was added and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography to afford HS-4b, 0. 
1-(Cyclopropylmethyl)-4-(2-(2,4-dimethylphenylthio)phenyl)piperazine (HS-4c):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.5 g, 1.67 mmol) in DMF (5 mL) was added diisopropyl ethyl amine (0.6 mL,3.35 mmol) and (bromomethyl) cyclopropane (0.31 g, 2.51 mmol), which was followed by addition of potassium iodide (0.069 g, 0.41 mmol). The contents were stirred at 100 °C for 12 h. It was cooled to room temperature, water was added and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography to afford HS-4c, 0. 
1-(Cyclopentylmethyl)-4-(2-(2,4-dimethylphenylthio)phenyl)piperazine (HS-4d):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.5 g, 1.67 mmol) in DMF (5 mL) was added diisopropyl ethyl amine (0.6 mL,3.35 mmol) and bromomethylcyclopentane (0.41 g, 2.51 mmol), which was followed by addition of potassium iodide (0.069 g, 0.41 mmol). The contents were stirred at 100 °C for 16 h. It was cooled to room temperature, water was added and extracted with ethyl acetate.
Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. To a solution of 1-(2-(2,4-Dimethylphenylthio)phenyl)piperazine (1 eq) in dry THF (10 mL) was added sodium hydride (2 eq) at 0 °C. The reaction mixture was stirred at the same temperature for 20 min, and then alkyl halide (1.5 eq) was added. The contents were stirred at room temperature for 4 h. The reaction was quenched using ice-water and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography. 
1-(2-(2,4-Dimethylphenylthio)phenyl)-4-methylpiperazine (HS-4e):
1-(2-(2,4-Dimethylphenylthio)phenyl)-4-(4-methylbenzyl)piperazine (HS-4n):
1-(2-(2,4-Dimethylphenylthio)phenyl)-4-(3-methylbenzyl)piperazine (HS-4o):
1-(4-Chlorobenzyl)-4-(2-(2,4-dimethylphenylthio)phenyl)piperazine (HS-4p):
1-(2-Chloroethyl)-4-(2-(2,4-dimethylphenylthio)phenyl)piperazine (HS-4h):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.4 g, 1.34 mmol) in dry DMF (10 mL) was added potassium carbonate (K 2 CO 3 ) (0.54 g, 4.02 mmol) and 1-bromo-2-chloroethane (0.22 g, 1.60 mmol). The reaction mixture was stirred at the same temperature for 16 h and the reaction was quenched using water and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography. 
2-(4-(2-(2,4-Dimethylphenylthio)phenyl)piperazin-1-yl)ethanol (HS-4i):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.35 g, 1.17 mmol) in dry acetone(10 mL) was added triethyl amine (0.23 mL, 1.17 mmol), which was followed by addition of 2-iodoethanol (0.09 mL, 1.17 mmol). The contents were stirred at room temperature for 6 h. The solvent was evaporated, water was added and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography to afford HS-4I. Yield 
1-(2-(2,4-Dimethylphenylthio)phenyl)-4-propylpiperazine (HS-4j):
To a solution of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (0.4 g, 1.34 mmol) in dry acetone (10 mL) was added triethyl amine (0.19 mL, 1.34 mmol) followed by addition of 1-bromopropane (0.16g, 1.34 mmol). The contents were stirred at room temperature for 6 h. The solvent was evaporated, water was added and extracted with ethyl acetate. Brine washing was performed with the organic layer, which was dried over anhydrous sodium sulfate, filtered and the solvent was evaporated. The crude product was purified by column chromatography to afford HS-4j. 
Biologigal Assay to Determine Antibacterial Activity
The final compounds (4a-4p) were tested for antibacterial and antifungal activities. The antibacterial activity was screened against Gram-positive bacteria, such as Staphylococcus aureus and Streptomyces epidermidis, and the Gram-negative bacteria, such as Pseudomonas aeruginosa and Escherichiacoli, in the agar disc diffusion method. The sample preparation was conducted by dissolving 1 mg of each sample in 1 ml of dimethyl sulphoxide (DMSO). For diffusion test against microbes, the agar plates were prepared by using agar solid medium. The media was poured into sterilized Petri dishes. The Petri dishes were then cooled for solidification. Then, a uniform mixture of inoculate was introduced to every Petri dish. The sterilized paper discs were loaded with samples of 1 mg/ml concentration and incubated at 37 °C. In successful reactions, clear zones of inhibition appeared around the discs. Ampicillin (19-21 mm, zone of inhibition) was used as a standard.
Biological Assay to Determine Antifungal Activity
Stock culture was prepared by transferring a loopful of fungal strain into the sterilized solid lipid micro-particles (SLM) with 25 ± 1°C incubation period for 48 h and 7 days for Candida albicansand Aspergillus species (A. Niger, A. Fumigatus and A. flavus), respectively. The stock was further sub-cultured by repeating the process mentioned above. C. albicans culture was harvested and diluted with the sterilized saline solution to obtain the spore count of about 1 × 10 7 CFU/mL. In the same manner, Aspergillus species cultures were harvested and the spore count was adjusted to about 1 × 10 7 CFU/mL with a sterilized saline solution. For inoculation of the culture, 0.1 mL of this saline solution consisting of fungal strain was used.
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Determination of the MIC range
A set of seven sterilized culture tubes were taken, and 1.0 mL of sterilized double strength Sabouraud liquid medium (DSSLM) was transferred aseptically to Tube I and 1.0 mL of sterilized nutrient broth was transferred aseptically to the remaining six tubes. Different concentrations of all the compounds to be tested, including the standard drug, were prepared by serial dilution method to obtain the drug concentration of 5.0 μg/mL, 2.5 μg/mL, … 0.078125 (0.08) μg/mL in Tube I to Tube VII, respectively. A control tube was also prepared by aseptically transferring 0.5 mL of sterilized DSSLM and 0.5 mL of solvent (DMSO). The culture tubes were inoculated with0.1 mL of fungal culture in a sterilized saline solution having microbial count of about 1 × 107 CFU/mL, so that the final microbial count in each culture tube would be about 1 × 106 CFU/mL. The tubes were incubated for 48 h at 25 ± 1°C. To check the turbidity, tubes were monitored under the microscope. The lower and higher concentrations gave the MIC range for the compound. 
Results and Discussion
Chemistry
Earlier, the antimicrobial ativities of piperazine dithiocarbonate derivatives were investigated. 33 The synthesized compounds had more potency to inhibit gram-negative bacteria than gram positive ones. Among the bacterial strains, E. faecalis (ATCC 51922) and P. aeruginosa (ATCC 27853) were found to be the most susceptible ones. Few final compounds (6a-d) including alkyl groups in their structure displayed the same potency like that of Chloramphenicol against E. faecalis (ATCC 51922).
1-Chloro-2-nitrobenzene and 2,4-dimethylbenzenethiol were used as starting materials for the synthesis of piperazine derivatives. Addition 23 of 1.1 eq. of 2,4-dimethylbenzenethiol (A) to 1-chloro-2-nitrobenzene (B) in the presence of potassium carbonate (K 2 CO 3 ) in N,N-dimethylformamide for 18 h afforded (2,4-Dimethylphenyl)(2-nitrophenyl)sulfane (1) in good yield (99%). The nitro group of compound (1) was reduced in the presence of iron in acetic acid for 16 h at room temperature to give 2-((2,4-Dimethylphenyl)thio)aniline (2), which was cyclized using bis(2-chloroethyl)amine hydrochloride in N, N-dimethylformamide at 110 °C for 48 h. Structures of the compounds were explained on the basis of spectral data and comparison with their authentic samples (3) .
The reaction of compound (3) with alcohol, oxirane, cyclic alkyl halide, alkyl halides and various substituted benzyl halides yielded piperazine analogs (4a-4p) (Scheme 1). Coupling reaction of (3) with different alkylating agents in the presence of base, such as sodium hydride, triethyl amine, di-isopropyl ethylamine, potassium carbonate, etc. also yielded the piperazine analogs. The products were separated on a silica gel column chromatography eluting with hexane/ethyl acetate. After the separation, structures of the compounds were determined by nuclear magnetic resonance (NMR), infrared (IR) and liquid chromatography/mass spectrometry (LCMS) studies. It was observed seen that the isolated products had high purity. Disappearance of a broad singlet at 1.63 ppm (piperazine NH) confirmed the coupling reaction yielding the desired products. The piperazine proton abstraction by base and nitrogen attak to the halide produced the final compounds. In piperazine, four CH 2 (8 protons) ranging from 3.02-3.09 confirmed the new product formation. Moreover, IR and LCMS data also confirmed the formation of the new compounds 4a-4p.
Biological assay
In vitro Antibacterial Activity
All the isolated compounds were tested for their antibacterial activities against Staphylococcus aureus, Streptomyces epidermidis, Pseudomonas aeruginosa and Escherichia coli by agar disc diffusion method. For testing, the bacteria were obtained from agar slants. Loopful samples were grown in sterile nutrient broth medium, autoclaved at 121 °C at 15 atm for 15 min and left to grow for 48 h at 37 °C in an incubator. Ampicillin was used as reference drug for bacteria. The compound was tested at the concentration of 1 mg/mL, using DMSO as a solvent. From screening result, it was observed that most of the compounds were highly active against bacterial pathogens as well as fungus. The zone of inhibition (mm) of the final compounds against pathogenic bacterial strains is shown in Table 1 . In general, while most of the final compounds showed better antibacterial activities, the compounds 4g and 4m showed moderate antibacterial activities against P. aeruginosa and S. aureus, respectively.
1-(2-(2,4-dimethylphenylthio)phenyl)-4-methylpiperazine (4e), 1-(2-(2,4-dimethylphenylthio)phenyl)-4-propylpiperazine (4j), and 1-(2-(2,4-dimethylphenylthio) phenyl)-4-(3-methylbenzyl)piperazine (4o) had the best antibacterial activity against pathogenic bacterial strains with a zone of inhibition in the range of 17-20 mm. The other compounds also showed good activities, except 4g and 4m.
In vitro Antifungal Activity
Antifungal activities of the newly derived piperazine derivatives were screened against pathogenic fungal strains, such as Candida albicans, Aspergillus niger, Aspergillus flavus and Aspergillus fumigates where Clotrimazol was used as the standard drug. Antifungal activities of the final compounds were conducted by using two-fold serial dilution methods. Stock solutions of the final compounds and the standard drug having the concentration 10 μg/mL were prepared in dimethyl sulfoxide (DMSO). The required dilutions were made from these stock solutions. The MIC (μg/mL) of the screened compounds by pathogenic fungi is shown in Table 2 . While most of the synthesized compounds showed significant antifungal activities, the compounds 4h, 4k, 4l, and 4p showed moderate antifungal activities. The compounds 4a, 4b, 4c, 4d,  4e, 4f, 4g, 4i, 4j, 4m , and 4n showed better activities against C. albicans and Aspergillus. All the compounds having better activities had MIC values ranging between 0.35-0.6 μg/mL. The activities of piperazine derivatives were observed due to the alkylation of piperazine derivatives. So, Considering overall activities of the compounds 4a, 4b, 4e, 4j and 4o, they had good antibacterial and antifungal activities.
Conclusion
Novel 1-(2-(2,4-Dimethylphenylthio)phenyl)-4-piperazine derivatives (4a-4p) were obtained through the reaction of 1-(2-(2,4-dimethylphenylthio)phenyl)piperazine (3) with alcohols, alkyl halides and substituted aromatic benzyl halides in presence of suitable base. The structures of the obtained compounds were characterized using conventional spectroscopic methods (NMR, IR, LCMS). The compounds (4a-4p) were tested for their antibacterial and antifungal activities, which showed both antibacterial as well as antifungal activities. From the screening results, it was observed that the compounds 4a, 4b, 4c, 4d, 4f, 4i, 4j and 4o were found to have high activity against both Gram-positive and Gram-negative bacteria and fungi, while the other compounds possessed week to modern activities. Compounds 4a, 4b, 4e, 4j and 4o showed maximum zone of inhibition. Thus, the compounds 4a, 4b, 4e, 4j and 4o could be used for the antibacterial and antifungal appliations.
